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(1. ????????????, ????????????????, ?? 430072;  
2. ?????????, ?? 100049; 3. ????????????, ?? 530021) 
??: ??????????????????????????????, ????????????
HSP60 ?? TCP-1-beta ? TCP-1-eta ???????????????????????????
TCP-1-beta cDNA ??? 1755 bp, ?? 1605 bp ????????, ?? 534 ????; ?????
TCP-1-eta cDNA?? 1651 bp, ?? 1638 bp????????, ?? 545??????????????
???????????, TCP-1-beta? TCP-1-eta???????????, ??????? ATP???
???, ???????????????????? PCR????: TCP-1-beta? TCP-1-eta?????
?????, ??????????; ????? 22℃?? 12 , ℃ ?????? 48h ? TCP-1-beta ?
TCP-1-eta ??????, ? 18℃???????, ??????????, ????????, ? 12℃?
???????, TCP-1-beta? TCP-1-eta??????????? 12.2?? 10.7???????????
????, TCP-1-beta? TCP-1-eta??????????? 
???: ?????; TCP-1-beta; TCP-1-eta; ?????? PCR; ??; ???? 
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???(Oreochromis, tilapia)?????, ??
??????????, ???????????
??????, ???????????????
????, ?????????????????
???, ?????????[1]???, ?????
??????????????????????
????? [2?4], ??????????????
??????????????????????
??????????[5]???, ????????
???????? 
CCT??(Chaperonins containing TCP-1(t-complex 
polypeptide 1))?? Hsp60?? II???, ????
??(Thermosome)[6]??????(TriC, the TCP-1 
ring complex)[7?9]??????? TriC ?????
???????, ???? 8 ?????????
? 60 kD ?????(TCP-1-alpha ? TCP-1-theta), 
? ATP????????????????[10]??
?????, TCP-1??????????, ???
(Saccharomyces cerevisiae)TCP-1-alpha ? TCP-1- 
beta??????????? TCP-1??????
???[11]; ???(Delia antique)??? TCP-1??
?????????????[12]; ??(Sarcophaga 
crassipalpis)?????????? TCP-1?Hsp70
????????????????????[13]? 
???????????? TCP-1-beta ? TCP- 
1-eta ???????, ????????????
?????????????, ????????
TCP-1-beta ? TCP-1-eta ???????????
4? ????: ????? TCP-1-beta? TCP-1-eta????????????? 635 
????? 
1  ????? 
1.1  ???? 
????????????????????
??, ???? 2??, ?? 35?45 g??????
?????? 7d???????????????
??????????????????????
???????, ??????? 4 ??????
???[14], ???????????? 18℃?16℃?
14℃? 12 , ℃ ? 22℃??????, ? 6h?? 1 , ℃
????????? 48h, ??????????
????????? 
1.2  ???? 
RNA ??? cDNA ??    ???????
????????????, ?????????
??????? 175 μL RNA Lysis Buffer ???
?? , ???? , ?? promega ???????
RNA??????? RNA?? 1%???????
? RNA ????, ??????????? RNA
? A260/A280???? RNA???????????
? RNA? A260/A280???? 1.8?2.0??????
??????? RNA ??, ?? fermentas ???
??????????????? cDNA, ??
PCR?????? 
cDNA???????    ?? EST????
????? TCP-1-beta ? TCP-1-eta cDNA ??, 
?????????????? TCP-1-beta(??
?? 5′TTCATCATGGCGTCCCTATC3′?????
5′ GGAAGCTGTGTCTGGTGGTT3′)? TCP-1-eta(?
??? 5′TGCAAAGATGATGCCCACAC 3′???
?? 5′TCGTTAGTGAGCATGGGGTC3′)?????
?????????? cDNA???, 20 μL PCR?
?????? 1 μL? cDNA, ?????(10 μmol/L, 
????)? 0.4 μL, dNTPs (2.5 mmol/L, takara) 0.4 
μL, Taq?(1 U/μL, fermentas??) 0.4 μL, ???
???? 20 μL???????? PCR??, 95℃?
?? 5min, 94  40s, 55  30s, 72  2min, 32℃ ℃ ℃ ???, 
72℃?? 5min, ???? 4℃???1%?????
?????????, ? Axygen ???????
???????? pMD18-T???????(takara
??)??????, ?????????????
??????????? DNAStar ???????
??????, ???????, ?? BLAST??
???? GenBank/EMBL ??? , ??????
??? , ??? Clustal W ????????? , 
?? MEGA5 ??????(NJ)?????[15, 16]? 
??????    ????????????
??????????? RNA, ????????
??? cDNA?????????? beta-actin??
??, ????? 5′-CACACAGTGCCCATCTACG 
AG-3′, ????? 5′-ACGATTTCCCTCTCGGCTG- 
3′, ????????? 146 bp?????????
??????? , TCP-1-beta ???????
5'-GATGGCACGGTGGGAAACA-3', ??????
? 5'-GGGTGATGGTCGGGAACTCG-3', ????
????? 158 bp?TCP-1-eta??????? 5′-C 
AAACGCTACGAAAATCCAAAG-3′, ?????
?? 5′-CCAGCTTGTCGTATAAGATGTTCC-3′, ?
???????? 149 bp??????? PCR??
?????[17, 18]????, ??????????
?, 95℃??? 10s, 95℃?? 10s, 60℃?? 1min, 
40 ???????????? PCR ??? ABI ?
? 7500 fast?? PCR????? 
2  ?? 
2.1  TCP-1-beta? TCP-1-eta????? 
???? TCP-1-beta ?? 1755 bp, ?? 1605 
bp ???????, ?? 535 ????, ????
??? 57.628 kD, ?????? 6.25, ??????
????? A=25.4%, T=19.3%, G=27.9%, C=27.4%, 
Genbank??? JQ797420????? TCP-1-eta ?
? 1651 bp, ?? 1638 bp???????, ?? 545
????, ??????? 59.390 kD, ?????
? 5.64, ??????????? A= 24.8%, T= 
18.4%, G=30.6%, C=26.2%, Genbank??? JQ797421? 
2.2  ????? TCP-1-beta? TCP-1-eta????? 
? BLASTP??, ????? TCP-1-beta??
?(Salmo salar)????(Danio rerio)???(Xenopus 
laevis)???(Mus musculus)???(Homo sapiens)
???(Drosophila melanogaster)???????
92%?92%?89%?88%?87%? 73%?TCP-1eta?
?????????????????????? 
636 ? ? ? ? ? ? 36? 
92%?89%?88%?89%? 76%?????????
?, TCP-1-beta? TCP-1-eta??????????
?, ??????? ATP ?????[19]?, ???
??????????? 
?? MEGA5.03 ??, ?????? TCP-1- 
beta? TCP-1-eta???????????????
???? TCP-1-beta ???????????
(Notothenia coriiceps)????, ????????
??????????, ???????????
?????????, ????????????
?????(? 1)??????? TCP-1-beta ??
??????, ???????????????
?????(? 2)? 
 
 
 
? 1  ???? TCP-1-beta???????? NJ????? 
Fig. 1  Neighbour-joining tree of TCP-1-beta amino acid se-
quences among eukaryotes 
?????????? 1000??????????? 
Numbers at branch nodes represent the confidence level of 1000 
bootstrap replications 
 
 
 
? 2  ???? TCP-1-eta???????? NJ????? 
Fig. 2  Neighbour-joining tree of TCP-1-eta amino acid sequences 
among eukaryotes 
?????????? 1000??????????? 
Numbers at branch nodes represent the confidence level of 1000 
bootstrap replications 
2.3  TCP-1-beta? TCP-1-eta?????????? 
??????????????????, ?
? TCP-1-beta ? TCP-1-eta ??????????
???????, TCP-1-beta? TCP-1-eta????
?????, ??????????????, ?
???????????, ?????, ????
????, ?? TCP-1-beta ? TCP-1-eta ????
????(? 3)? 
2.4  TCP-1-beta? TCP-1-eta?????????? 
??????????????????? , 
??? TCP-1-beta? TCP-1-eta??????? 48h
???????????, ? 22℃? 12℃????, 
????????, TCP-1-beta ? 18℃?????
??, ?????, ??? 22℃? 2.8?, ????
???????, ???????? 12℃?, ??
????????? 12.2 ??TCP-1-eta ? 18℃?
??????, ?????, ??? 22℃? 2 ?, 
????????????? , ???????
12℃?, ??????????? 10.7?(? 4)? 
 
 
 
? 3  ????? TCP-1-beta? TCP-1-eta?????????
?? 
Fig. 3  Relative expression levels of TCP-1-beta and TCP-1-eta in 
tilapia tissues 
 
3  ?? 
??, ?? TCP-1 ????????????
??????????????????????
?, TCP-1-epsilon? TCP-1-eta?????????
??[20]; ?????(Dissostichus mawsoni)? 5 ? 
4? ????: ????? TCP-1-beta? TCP-1-eta????????????? 637 
 
 
? 4  ????? TCP-1-beta? TCP-1-eta?????????
?? 
Fig. 4  Relative expression levels of TCP-1-beta and TCP-1- eta 
under different temperatures 
 
?? /??????????? , ???????
TCP-1 ?????????/????, ?? TCP-1
?????????????????[21]; ???
??(Notothenia coriiceps)? TCP-1-beta ? TCP-1- 
theta ??????????????, ?????
???????????????????[22]? 
??????????? TCP-1-beta? TCP-1- 
eta ????????????????????
???????????????? BLASTP??
??, TCP-1-beta? TCP-1-eta?????????
???????, ?????? 92%?73%? 92%?
76%, ????????????????????, 
?????????????? , TCP-1-beta ? 
TCP-1-eta???????????????? 48h
????????, ? 22?12℃????, TCP-1- 
beta ? TCP-1-eta ????????????, ?
18℃???????, ? 12℃????????, 
TCP-1-beta ? TCP-1-eta ???????????
?? 12.2?? 10.7?, ?? TCP-1-beta? TCP-1-eta
?????????????, ????????
???????? 
????, ???????? TCP-1 ????
???, ??????????????????
??, ?? 8 ? TCP-1 ????????????
??????[23], ? TCP-1 ??????????
???????????????????? TCP- 
1-beta ? TCP-1-eta ?????????????
?, ????????????, TCP-1-beta? 18?
14℃???????????, 12℃??????
??? 22℃? 12.2 ?, TCP-1-eta ? 22?12℃??
???????????, ?? TCP-1-beta? TCP- 
1-eta?????????????, ???? TCP-1
??????????????????????
TCP-1-beta ? TCP-1-eta ???????????
???, ??????????????????
? TCP-1???????? 
????:  
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MOLECULAR CHARACTERIZATION AND INDUCTION EXPRESSION OF 
TCP-1-BETA AND TCP-1-ETA UNDER LOW TEMPERATURES IN TILAPIA 
OREOCHROMIS NILOTICUS 
XIE Jian-Li1, 2, LIN Yong3, ZENG Lan3, WANG Zhong-Wei1 and GUI Jian-Fang1 
(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,  
Wuhan 430072, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China;  
3. Guangxi Fishery Institute, Nanning 530021, China) 
Abstract: Nile tilapia (Oreochromis niloticus) is one of the commercially important fish species in the southern China, 
but the lack of cold-resistant strains in tilapia results in a large number of deaths in winter and early spring. Some 
heat-shock proteins (Hsps) have been revealed to facilitate correct folding of other proteins under diverse forms of 
physiological stresses, such as extreme temperatures, chemical toxicity and oxidative stress. To understand the molecu-
lar mechanism of cold tolerance in fish, we cloned the full-length cDNAs of TCP-1-beta and TCP-1-eta of the Hsp60 
family in nile tilapia (Oreochromis niloticus), and studied their expression patterns under normal and low temperature 
treatments. The TCP-1-beta cDNA consisted of 1755 bp and encoded a peptide of 534 amino acids. The TCP-1-eta 
cDNA consisted of 1651 bp and encoded a peptide of 545 amino acids. Multiple alignment and homological analysis 
revealed their evolutionary conservation and functional significance of TCP-1-beta and TCP-1-eta among eukaryotes. 
Significantly, the deduced amino acid sequences of TCP-1-beta and TCP-1-eta contained highly conserved amino-acid 
motifs and three ATP-binding sites. The tilapia TCP-1-beta was highly homologous with TCP-1-beta in other species, 
sharing 92% identities with Salmo salar and Danio rerio, 89% with Xenopus laevis, 88% with Mus musculus, 87% with 
Homo sapiens, and 73% with Drosophila melanogaster. Tilapia TCP-1-eta shared 92% identities with that of Danio 
rerio, 89% with Xenopus laevis, 88% with Mus musculus, 89% with Homo sapiens, and 76% with Drosophila 
melanogaster. Phylogenetic trees were also constructed among amino acid sequences of TCP-1-beta and TCP-1-eta in 
eukaryotes. The tilapia TCP-1-beta was clustered with Notothenia coriiceps TCP-1-beta, and tilapia TCP-1-eta was 
clustered with Danio rerio TCP-1-eta. Total RNAs were extracted from seven tissues including spleen, gut, kidney, 
heart, brain, muscle and hepatopancreas. Using beta-actin as internal control, their expression patterns were analyzed by 
real-time PCR, in which TCP-1-beta and TCP-1-eta mRNA existed in all seven tissues, and expressed mainly in muscle. 
To study the response of TCP-1 to low temperatures, the mRNA levels of TCP-1-beta and TCP-1-eta were analyzed in 
response to cold induction treatments. The experimental fishes were divided into five groups and kept at different tem-
peratures (22℃, 18℃, 16℃, 14℃ and 12℃) for 48 hours. Total RNAs were extracted from hepatopancreas tissue at 
different temperature treatments (22℃, 18℃, 16℃, 14℃ and 12℃). Real-time PCR analysis revealed that TCP-1-beta 
and TCP-1-eta mRNA increased at 18℃ and peaked at 12℃. TCP-1-beta mRNA was 2.8 fold up-regulated at 18℃ 
compared to normal temperature at 22℃, and then held stable until the induction temperature changed to 12℃ which 
induced 12.2 fold increase in mRNA levels of TCP-1-beta. The expression level of TCP-1-eta was 2 fold upregulated at 
18℃ compared to normal temperature at 22℃, and then a gradual increase in the level of TCP-1-eta was observed, 
reaching a peak of 10.7 fold increase at 12℃. The cold-induced expression of TCP-1-beta and TCP-1-eta suggested that 
they might be cold tolerance-related genes in Nile tilapia. Therefore, this study established a basis for studying the mo-
lecular mechanism of cold tolerance in Nile tilapia. 
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